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INTRODUCTION 
Asphalt producing refineries in the Gulf countries include Ras Tanura and Riyadh (Saudi Arabia), Al- 
Ahmadi (Kuwait), and BAPCO (Bahrain). Riyadh and Ras Tanura refineries are located in the central 
and eastem Saudi Arabia respectively, Arabian light crude oil is used to produce 2000 to 3000 tons of 
asphalt per day using vacuum distillation, air blowing and grade blending techniques to produce 60DO 
penetration grade asphalts in each of these. two Saudi refineries. AU ofthe asphalt cement used in 
Saudi Arabia, Qatar and parts of the United Arab Emirates is supplied by Riyadh and Ras Tanura 
refineries. 

AI-Ahmadi refinery supplies all of the asphalt cement needed for construction in the state of Kuwait. 
Ratwi-Burgan crude oil mix is used to produce 750 to 1000 tons of asphalt per day using vacuum 
distillation and air blowing processes. 

BAPCO refinery, Bahrain, utilizes crude oils produced 601x1 Saudi oil fields and supplies asphalt 
cement needed for construction in Bahrain, Oman and parts of United Arab Emirates. 

The roadway network in Gulf countries has developed more rapidly than in many industrialized 
countries. The entire roadway network is built using flexible pavements due to the availability of 
relatively low cost asphalt binders. The asphalt binder plays a significant role in pavement abiity to 
withstand thermal and fatigue cracking and contribute to permanent deformation behavior. Fatani et al 
[ 11 in a study about permanent deformation in Saudi Arabia have concluded that the asphalt cement is 
responsible for a major part of rutting in the region, and that extreme weather conditions of the Gulf 
countries has promoted an inferior performance of asphalt concrete mixes in the field. 

Asphalt binders are thermo-visco-elastic materials where temperature and rate of load application has a 
great influence on their behavior. Asphalt consistency and hence ability to sustain and hold their 
fundamental cementing mechanism changes depending on temperature. The pure asphalt lack the 
proper balance of viscous fluid-elastic sponge properties which u d y  occur due to an effective elastic 
network created by molecular association. In recent years various studies have shown that polymer 
modification can be successll in forming this viscous fluid-elastic sponge balance by creating 
molecular entanglement in an asphalt. 

This study was initiated to evaluate different locally available polymer materials in order to id en^ 
potential polymers to m o d e  asphalts to satisfy the pdormance requirements in the Gulfcountries' 
environmental conditions. The storage stabiity of the asphalt-polymer blends and the life cycle cost 
analysis of the polymer modiication were also studied. 

EXPERIMENTAL 
1. Temperature data collection and temperature zoning: Metrology and Environmental Protection 

Agencies, Directorate of Climatology and other similar agencies in the Gulfcountries were 
approached to provide the research team with the available historical annual environmental data 
covering the Gulf countries (GC). These. data were analyzed and used to build temperature 
data base and to develop suitable temperature zoning for the GC. 

Asphalt samples collection. Asphalt binder samples were collected 60m all asphalt cement 
producing refineries in the Gulf which include Ras T m m  and Riyadh (Saudi Arabia), N- 
Ahmadi (Kuwait), and BAPCO (Bahrain) and an additional sample was collected 60m Awazel 
private company which modifies asphalt produced by Riyadh refinery. 

Asphalt testing: Collected asphalt samples were subjected to comprehensive testing to 
determine their physical and chemical properties. Testing included: 
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a. Consistency testing; viscosity at 25'C (ASTMD 3570), 60°C (ASTM T-202-80) and 135OC 
(MmO T-201-80), penetration at 25OC and 4°C (AASHTO T-49-80), Sorteningpoint 
(MmO T-53-81) and ductility (AASHTO T-51-81). Testing was d e d  out on fresh and 
rolling thin film oven (RTFO) residue (AASHTO T-240-78). 

Performance based testing which was performed on original binder, RTFO residue and 
pressure aging vessel (PAV) residue [2]. Tests included flash point, rotationalviscosity, 
dynamic shear, mass loss after RTFO, flexural creep sti51ess and direct tension failure strain 

b. 

PI. 
c. Chemistry, chemical composition of collected samples were determined using Corbett's 

method, ion exchange chromatography and high pressure gel permeationchromatography 

The HP-GPC procedure for this study utilized four p-styTagel columns connected in the 
following order according to size: 10,000, 1000, 500 and 100 1. Two kinds of detectors, a 
Werentid refractometer and a UV absorbance detector (230 nm and 340 nm) were used. 
HPLC grade tetrahydrofiran (THF) was used as a solvent mobile phase at ambient 
temperature (24'C) at a flow rate of 1.0 d m i n .  the data were accumulated by a millennium 
2010 chromatography manager. 

Asphalt Modification: Asphalt cement which has a performance grade that does not satisfy the 

Modified binders were subjected to the same set of tests as virgin asphalts. 

(HP-GPC). 

4. 
binder specification as determined by temperature zoning was modified to improve its quality. ~, _ _ _  . . - .- 

:. . 

RESULTS AND DISCUSSION 
Asphalt Testing: The complete test results for the collected asphalt samples, temperature data and 
contour map were published in AI-Abdul Wahhab et al [3]. 

Results indicate that asphalt cement produced in the Gulf satisfies the low temperature requirement but 
can only satisfy one zone of 64°C average seven day consecutive maximum temperature. Awazel air 
blown asphalt met the requirement ofPG 70-10 while PG 58-10 and PG 76-10 zones have not been 
met. This indicates the necessity of modifying locally produced asphalts to meet the performance 
requirements of these temperature zones. 

ASPHALT MODIFICATION 
The asphalt modification work was carried out in two phases. The first phase focused on identifying 
potential polymers while the second focused on the optimization of modification process for the 
following selected polymers: 

LLDPEX - Linear low density polyethylene grade 1182 
PPSOOC - Polypropylene grade 500V 
SBS - Styrene - butadiene - styrene 

A fourth polymer, crumb rubber from truck tires (CRT) was also included for this study. The polymer 
modified samples were subjected to physical tests. 
Results showed that addition of the polymer material significantly improves the physical and 
rheological properties of Arab asphalt binders for all sources and all polymer types. 

HP-GPC Analysis 
A typical HP-GPC profile is shown in Fig. 1. The variable on the x-axis is the time required of a 
particular size to emerge eom the system. The reading on the y-axis is the detector response, which is 
an indicator of the concentration of asphalt molecules in solution. In order to distinguish Hp-GPC 
profiles, the area under the curve is divided into different sections. Most fresuently this is divided into 
three sections and the area under each section in determined. These three areas are referred to as large 
molecular sue (LMS), medium-molecular size (h4h4S), and small-molecular size (SMS) material. 
However, other researchers felt that these three parameters could not adequately model the subtle 
differences between the HP-GPC profiles of the asphalts used. Accordingly, for this study a procedure 
was used in which the area under the curve was divided into eight sections (see Fig. 1). This number 
was selected as the optimum needed to provide an accurate quantitative model of thew-GPC 
profiles. 

The cut-offpoints were selected to have equal elution times. The eight sections are numbered from left 
to right. Consequently, apparent molecular size decreases progressively from Section 1 to Section 8. 

Fig. 1 also compares GPC profiles for fresh, RTFO and PAV aged asphalts. There are clear 
differences in each of the curves, with the PAV aged and RTFO aged samples showing significant 
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growth in the largemolecular size U S )  region (material eluted between 24 and 30 minutes) for this i 
sample. GPC profile Fig. 1 also shows the growth in LMS is accompanied by a gradual decrease in 
MMS and SMS regions. Profiles of parent asphalts, polymer modified asphalts, and RTFOPAV 
asphalts are shown in Figs. 2,3 and 4. 

a M a rn m 32 w I aa 
Time. n*l 

Fig. 1 : HP-GPC profiles for original and oxidized asphalts 

From the HP-GPC analysis it can be seen that all of the polymer modified asphalts have a larger 
percentage of fractions f# 1, 2, 3 and 4 and a smaller percentage of fractions 5 and 6 than the parent 
AC-20. It is also apl it from the GPC profile that the fractions # 1.2 and 3 have considerably 
increased for RTFO anc V aged samples (Fig. 4) than modified non-aged as 
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Fig! 2. W-WK partitions into Eights of parent AC-20 and polymer mouiltw asphalts 
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Fig. 3: HP-GPC partitioned into Eights of parent AC-20 and SBS-modified asphalts 
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Fig. 4: Hp-GPC partitioned into Eights ofparent AC-20 and SBS-modified and their RTFO 
and PAV aged asphalts 

Correlation Studies of Asphalt Composition with Its Performance-Related Characteristics : 
This sub-task aims at finding the mathematical relation - ifit exists - between the physical properties of 
the asphalt and its chemical composition. The physical properties which are included in this sub-task 
are shown in Table 1. The chemical composition is represented by the eight fractions (XI to XS) into 
which the Hp-GPC chromatograms were divided. XI was dropped from the analysis to get rid of 
interdependency between the eight fractions of the chromatograms, i.e. if XI is kept in the analysis, the 
sum of Xs is always 100. 

Table 1 : Included physical properties 

The purpose of the analysis is to help select 60m the 7 candidate variables X2, X,, ,.., X, a smaller 
subset that will adequately explain the response. A number of variable selection procedures are 
available in the statistical literature. The most commonly used ones are the search over all possible 
subsets, the forward selection procedure and the stepwise selection procedure. The corresponding 
SAS PROC RSQUARE, SAS PROC FORWARD and SAS PROC STEPWISE were used and their 
results are noted. It is generally accepted that all stepwise procedure is vastly superior to the others 
and thus it is the one relied upon in this analysis. 

Table 2 presents models for the different variables, together with their R2 value and P-value for fresh 
and polymer modified samples. 
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Table 2: Regression analysis for fresh samples 

It is worth noting that the R' value for any model can be increased on the expense of entering variables 
that are correlated with ones already in the model or that are not significant, and this is one problem the 
stepwise procedure tries to avoid.' For those variables with a very low R2, for example VISR60 (an R2- 
value of 0.13 for fresh samples and in fact no fitted model for aged samples), an explanation would be 
that either a linear model does not provide a good fit for the data or that there is really no relationship 
between the dependent variable, in this case viscosity ratio at 60", and the independent variables, the 
molecular size distribution. The latter may well be the case, because in that regard a logarithmic 
transformation was done on the data for all the variables and different statistical procedures were run 
and the results are a lot like those from a linear model. As a matter of fact, for some there was a slight 
decrease in the R' value. On the other hand, a high value ofRz, for example 0.97 for the variable FP 
for 6esh samples, may not necessarily mean that the given model represents the true relationship if 
there is no physical evidence to indicate that. This may just be a purely mathematical result with no 
physical evidence but may warrant h t h e r  study. An important point that is worth noting is the non- 
uniformity in the models found for fresh and aged samples. By that, we mean for any variable the 
model fitted for fresh samples may differ in the number and the nature of the independent variables 
entered and thus in the magnitude of the regression coe5cients and intheR2value. That maybe 
attributed to the fact that aged samples are inherently dflerent from fresh ones and thus molecular size 
distribution is dflerent. 

* 

It should be noted that the physical propenies of asphalts are measured on whole homogenizkd sample, 
whereas the R' values reported in Tables 5 and 6 are based on the regression analysis of randomly 
picked GPC fractions. We conclude by noting that although some of those models may look good, 
they should be examined carefully and interpreted in accordance with physical results. 

CONCLUSION 
Addition of polymers significantly improve the physical and rheological properties of Arab asphalts. 
HI'-GPC characterization can be used to predict physical properties of asphalts and modified asphalts. 
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